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Objective:. Complete an updated review of state-of-the-art integral
and integrated passive technologies. Compare size, cost, and
performance for systems constructed with and without integral or
Integrated passive components (resistors and capacitors). Develop
guidelines for determining when and how it makes sense to include
Integral and/or integrated passives within a system (i.e., what
system characteristics, if any, indicate the opportunity for cost
savings through the use of integral or integrated passives).
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Definitions

» Discrete—individual surface mount or through-hole components that are
assembled to substrates
 Integrated (networks, arrays) — multiple passives fabricated in asingle
Integrate circuit that does not contain active devices. Three integrated
configurations are common:
* |solated (single row termination) — all passives are electrically isolated from
each other
 Bussed — all passives share a single common electrical connection
» Dual Termination — each connection is terminated through two networked
passives to two different lines.
(Integrated passive components need not be confined to a single type of device,
e.g., RC networks)
e On-Chip — passives fabricated within an active integrated circuit
 |Integral (buried, embedded) — passives fabricated on one or more layers

within a substrate.
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Definitions
(Embedded Resistors and Capacitors)

Embedded resistors: Resistor Capacitor
» Dedicated resistor layer
(often two for symmetry) — e M e | [ ——

Ohmega-Ply® approach = =
e SCcreening print aresistive

material directly onto a
wiring layer only where an \/ \/
embedded resistor is I:I—'._l J_

required

Embedded Capacitors:

» Bypass capacitors are embedded by dielectric substitution into an
existing reference plane layer (as opposed to layer pair addition).

» Singulated embedded capacitors are fabricated via dedicated layer
pair addition.
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Potential Advantages of Embedded
Passives
* Increased circuit density through saving real-estate on
the substrate

 Improved electrical properties through additional
termination and filtering opportunities and shortening
electrical connections

 Cost reduction through decrease in board assembly
operations

e Increased product quality through the elimination of
Incorrectly attached devices

 Improved reliability through eliminating solder joints
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Embedded Passive Tradeoffs

» Board area decreases due to reduction in the in the number of discrete
passive components

» Decreased wiring requirements due to the integration of resistors and bypass
capacitors into the board

* Increased wiring density requirements due to the decreased size of the board
* Increased number of boards fabricated on a panel due to decreased board size

* Increased board cost per unit area

* Increased board fabrication waste
» Decreased board yield
» Decreased board fabrication throughput

DO EMBEDDED PASSIVES
REDUCE SYSTEM COSTS?

... hot asimple tradeoff

» Decreased assembly cost

» Decreased overall assembly yield

» Decreased assembly level rework
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Embedded Passive M aterials

Laminate-Like

) Pastes
Materials -
Thick film pastes

Glass
reinforced

Ceramic filled

Capacitor
polyimide

pastes

Resistor
pastes

Conductor pastes

Ormet Encapsulated
pastes

Resistor material
coated, plated, or
sputtered on foil

Ceramic filled

epoxy
-PI

Ohmega-Ply, inSite, Gould C-Ply

Supplied to fabricator
on copper foil

Birox 2000
Applied to and cured on
film by fabricator or
Plating supplier

M -Pass Chemistry

Chemicals supplied to

and applied by the
D. McGregor, Dupont fabricator
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Dielectric (and associated) Materials for Embhedded Capacitor Fabrication

Summary of Currently Available Embedded Passive Materials/Technologies

Material DIaterial Capacitance Description of
Material Source |Material Type i Thickness P R Material as Supplied Description of Material in Finished Board | Availability
Composition i (pF/square inch) 2
(microns) to Board Fabricator
Dolyclad, Meleo : : ; ; ; ;
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. Capacitor : Barmum titanate ) ) Lamunate with copper  |Copper power and ground planes with epoxy |Commercially
AMC- dielectric Organic filled epoxy 4-25 3,000 - 30,000 on both sides of core core supported
) Capacitor . Barnum titanate Latmnate w
Dupont : . Organic b 8-25 -~ 3000 : H
Pt ilecti B [fled polyimide abotsicd | nCludes all materials on the
Dupont f Goulds
(Goulds Capacitor . . Laminate wi U L r ad ar xop e.
: " : Organic Tnfilled polyumide (12 - 25 ;
Adhesiveless dielectric on both sidg . .
lorninates) » Materialswith UL approval
Stipley (inSite) Copper In . Thin filin silicon -5 7000 - L 000 Larvinate wi @ M atel’ | a.I S Seekl ng U L appr Oval
EESL A dielectric CHBRRR diomde 190,000 on both sidg .
= » Materials expected to seek UL
Paste. Or, a
with the sing approval
capacttors f
Copper : Sintered barium ) ) coppet foil in pre- electrode. The capacitors are encapsulated by
Dupont (F1) dielectric oTednic titanate cerarnic =l L2ORRE=-1a0u0a determined locations the FE-4 lammated to the origmal copper fod Frototipe
and larmnated, capacitor |Fabricator imaging, dnlling and plating provide
side m, to single sided  |comnection to the two electrodes of the
FE.-4 laminate. capacitor.
Silver or copper
conductor paste to
Paste. Or part of the .
. form second : . j Functions as the second electrede for the
Dupont (F2) Conductor Thorganic clectrode of 1 10-25 120000 - 150000 |[laminate described in singulated capacitors
: F1.
smgulated
capacitors -
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